Introduction {#sec1-1}
============

Osteoarthritis (OA) is a degenerative joint disease characterized by articular cartilage degeneration and joint inflammation, with a high incidence rate in the middle-aged and elderly\[[@ref1]-[@ref3]\]. According to reports, the incidence is about 5% in people under 40 years old, 50% in people over 60 years old, and 80% in people over 75 years old\[[@ref4],[@ref5]\]. Patients with OA suffer from joint pain, deformation, and dysfunction, which directly affect the activity of daily life and labor ability and severely reduce the quality of life\[[@ref6],[@ref7]\]. At present, the etiology and pathogenesis of OA remain unknown. Many researchers believe that factors such as age, hormone, trauma, infection, obesity, inflammation, alcohol intake, vascular lesions, and genetic factors may break the imbalance between degradation and synthesis of chondrocytes, extracellular matrix, and subchondral bone, and subsequently cause the cartilage damage and ultimately leads to OA\[[@ref8]-[@ref10]\]. Chondrocytes are the only cells in cartilage with primary functions of maintaining integrity of cartilage and weight-bearing the articular cartilage, as well as keeping the balance of the internal environment during cartilage injury and remodeling\[[@ref11],[@ref12]\]. Therefore, changes in the physiological function of chondrocytes play an essential role in the occurrence and development of OA. It is of great clinical significance to find effective methods for the treatment of OA in view of chondrocyte damage\[[@ref13]-[@ref15]\].

MicroRNA (miRNA) is a highly conserved, endogenous non-coding RNA with a length of approximately 25 bases\[[@ref16]\]. It can interfere with the expression of the target gene by binding to the 3' untranslated region (3'UTR) of the target mRNA, thereby affecting the proliferation, differentiation, apoptosis, aging, and individual development of cells, and participating in the occurrence and development of various diseases\[[@ref17]-[@ref19]\]. miR-363, miR-185, miR-217, miR-26b, miR-204 have been reported to regulate bone-related diseases, but no experiment has been conducted to explore the correlation between these five miRNAs and OA. Therefore, this study collected cartilage tissue from patients with OA, screened an important miRNA involved in OA, and discussed its effect on the biological function of chondrocytes in order to provide theoretical basis for the prevention and treatment of OA.

Materials and methods {#sec1-2}
=====================

Clinical data {#sec2-1}
-------------

According to the diagnostic criteria for OA from Chinese Orthopaedic Association\[[@ref20]\], OA patients (n=24) who were treated in our hospital and underwent total knee arthroplasty from January 2016 to January 2018 were recruited, including 13 males and 11 females, aged (40-70) years, with the average age of (57.42±9.23) years. Inflammatory cartilage tissues from the patients were collected. In addition, 24 patients with emergent traumatic amputation treated in our hospital during the same period were selected, including 15 males and 9 females, aged (40-70) years, with the average age of (56.96±10.67) years. Normal cartilage tissues from the patients were enrolled as controls. Cartilage tissues of the overweight area of medial and lateral malleolus were collected from the patients in the two groups and stored in a refrigerator at -80°C. The study was approved by the Medical Ethics Committee of the hospital, and patients signed the written informed consent form. Exclusion criteria were as follows: According to data, medical history, X-ray, and laboratory examination, patients with tumors, tuberculosis, infection, rheumatoid arthritis, suppurative arthritis, osteoporosis, immune system diseases, connective tissue proliferative diseases, and diabetes were excluded.

Isolation, culture, and intervention of human primary chondrocytes {#sec2-2}
------------------------------------------------------------------

Isolated inflammatory cartilage tissues were immediately placed in a sterile serum bottle of DMEM culture solution (Corning, USA) containing serum, capped, then stored in an incubator, and send to the cell culture room for primary culture. Under aseptic conditions, the cartilage tissue was cut into approximately 1 mm3 tissue blocks by an ophthalmic scissor and washed three times with phosphate buffer (Solar Bio, China). The tissue blocks were covered with trypsin (Beyotime, China) and digested at 37°C for 30 min. Afterward, Type II collagenase (Sigma, USA) was added, and the tissues were digested at 37°C for 8 hours. Cells were collected every 4 hours for 2 times. The digested cells were centrifuged at 1500 r/min for 10 min to collect cell precipitates. Next, the cells were transferred to DMEM culture solution containing 10% fetal bovine serum (Thermo, USA), streptomycin 100 U/mL, and penicillin 100 U/mL, and cultured in an incubator (Thermo, USA) at 37°C and 5% CO~2~ and under saturated humidity. The cells were digested with trypsin when they reached 80-90% confluence, then passed to the next generation, and the third passage cells were used for subsequent experiments. The cells were treated with 10 ng/mL lipopolysaccharide (LPS) for 8 hours to construct inflammatory chondrocyte models for subsequent trials.

RNA extraction and reverse transcription {#sec2-3}
----------------------------------------

Cartilage tissues were placed in a mortar and ground with liquid nitrogen. miRNAs were separated according to instructions of a total miRNA extraction kit (Invitrogen, USA), and the concentration and purity were measured by a Nanodrop instrument (Thermo, USA). Then the RNAs were reverse-transcribed into cDNAs using a reverse transcription kit (ABI, USA).

Polymerase chain reaction (PCR) experiment {#sec2-4}
------------------------------------------

All reagents were added to the reaction system prepared according to the instruction manual of fluorescence quantitative kit (Novozyme, China). All primers were purchased from Shanghai GenePharma Co., Ltd. PCR amplification was carried out in a 20-µL reaction volume containing 10 µL of SYBR, 1µL of upstream primer (concentration 0.2 µM), 1 µL of downstream primer (concentration 0.2 µM), 1 µL of cDNA, 7 µL of ddH~2~O. PCR amplification reaction was carried out with U6 as the internal reference, and 4 replicates were made for each sample. The PCR conditions were as follows: 95°C for 3 min; 95°C for 5 s, 56°C for 30 s, 72°C for 25 s, for a total of 35 cycles; 65°C for 5 min; 95°C for 50 s. ABI7500 real-time quantitative PCR system was used to the experiment. Fluorescence signals were collected, and melting curves were plotted. 2^-Δ^ ^CT^ was used to detect the relative expression of target genes. All primer sequences in this experiment are shown in \[[Table 1](#T1){ref-type="table"}\].

###### 

PCR primer sequences.

  Primer                          Sequence (5' to 3')
  ------------------------------- ------------------------------
  microRNA-363                    F: CGAATGTCCGTCACATCT
  R: GTGCACGGGCAG AGGT            
  microRNA-185                    F: GGATTGGAGAGAAAGGCAG
  R: GTGCAGGGTCCGAGGT             
  microRNA-217                    F: GGCGAGGTGAGGGTGAGGCAGAGTC
  R: AATGCGGTTTATTTATGGCGAGATTG   
  microRNA-26b                    F: CAAAGGTCCATAGCAAGGGT
  R: GCGACCTTGTCATGGTTTATAG       
  microRNA-204                    F: AACCUGAUCCCGUCUGAGAUUG
  R: CCGGAUCAAGAUUAGUUCGGUU       
  U6                              F: TCGCTTCGGCAGCACATATAC
  R: TATGGAACGCTTCACGAATTT        

Cell transfection {#sec2-5}
-----------------

Cells were inoculated into a six-well plate, a 96-well plate, or a culture dish, respectively. When they reached 50-60% confluence, transfection was carried out according to instructions of Lipofectamine2000 reagent (Invitrogen, USA). Chondrocytes were transfected with miR-204 mimics, miR-204 inhibitor, mimics-NC, and inhibitor-NC, and subsequent experiments were performed after the transfection efficiency was verified.

Toluidine blue staining {#sec2-6}
-----------------------

Cartilage cells were identified by toluidine blue staining. The third passage chondrocytes were inoculated into a six-well plate (Nest, USA). When the cells reached 50% confluence, the culture solution was discarded, and the cells were washed with PBS, and fixed with 4% paraformaldehyde (Solar Bio, China) for 30 min at room temperature. After washing for 3 times, the cells were incubated with 1% toluidine blue staining solution. The staining solution was discarded after 4 hours, absolute ethyl alcohol was used for decolorization, and distilled water was used to terminate the reaction. Afterward, the cells on the six-well plate were observed under an inverted fluorescence microscope (Nikon, Japan) and photographed.

MTT assay {#sec2-7}
---------

The third passage chondrocytes were inoculated into a 96-well plate (Nest, USA) at a density of 3000/well. The chondrocytes were transfected with miR-204 mimics or inhibitor on the next day, and MTT assay was performed 0, 12, 24, 36, and 48 h after transfection, respectively. A total of 20 µL of 5 mg/mL MTT solution (Biosharp, China) was added to each well. The cells were inoculated for 4 hours, the liquid was discarded, and 150 µL of dimethyl sulfoxide was added. After shaking for 10 min, the culture plate was placed on a microplate reader, and the optical density (OD) value was detected at 490 nm.

Clone formation test {#sec2-8}
--------------------

Chondrocytes were inoculated into a six-well plate, transfected with miR-204 mimics or inhibitor, and cultured for 14 days. Then the cells were washed three times with PBS, fixed with 4% paraformaldehyde (Solar Bio, China) for 30 min, and incubated with 1 mL of crystal violet staining solution (Biosharp, China) for 30 min. After washed three times, the cells were observed under an optical microscope (Nikon, Japan) and photographed.

Trypan blue staining assay {#sec2-9}
--------------------------

Chondrocytes were inoculated into a six-well plate, transfected with miR-204 mimics or inhibitor, and digested for 24 h, and 0.4% trypan blue solution (Biosharp, China) was added to the cell suspension. After mixing, the cells were observed under an optical microscope. Dead cells were stained blue, and living cells were colorless. The living cells and dead cells were counted within 3 min.

TUNEL staining {#sec2-10}
--------------

Cartilage cells were inoculated into a culture dish, transfected with miR-204 mimics or inhibitor, and fixed with 4% paraformaldehyde for 30 min after 24 h. Washed three times with PBS, the cells were added with 30 µL of TdT-mediated dUTP Nick-End Labeling (TUNEL) reaction solution (Roche, Switzerland). The dish was placed in a wet box, incubated at 37°C for 1 h in the dark, and the cells were counterstained with DAPI solution (Solar Bio, China) for 20 min. After washed three times with PBS, the cells were observed under an inverted fluorescence microscope (Nikon, Japan) and photographed.

Statistical methods {#sec2-11}
-------------------

All data were tested at least three times, and statistical analysis was carried out using Graphpad software (Graphpad, USA). The paired t-test was used for comparison between the two groups. A value of P\<0.05 was considered statistically significant.

Results {#sec1-3}
=======

Expressions of miRNAs in cartilage tissues {#sec2-12}
------------------------------------------

Cartilage tissues of patients with OA and controls were collected, and the expressions of miR-363, miR-185, miR-204, miR-217, miR-26b in the two groups were detected. The results showed that there was no difference in the expression of miR-363 in the cartilage tissue of OA patients and the controls ([Figure 1A](#F1){ref-type="fig"}). The expressions of miR-185 and miR-204 in cartilage tissue of OA patients were significantly higher than those of the controls (Figures [1B](#F1){ref-type="fig"} and [1C](#F1){ref-type="fig"}). Also, the expressions of miR-217 and miR-26b in cartilage tissue of OA patients were significantly lower than those of the controls (Figures [1D](#F1){ref-type="fig"} and [1E](#F1){ref-type="fig"}).

![Expressions of five miRNAs in patients with OA. (A) miR-363 expression in patients with OA; (B) miR-185 expression in patients with OA; (C) miR-204 expression in patients with OA; (D) Expression of miR-217 in patients with OA; (E) Expression of miR-26b in patients with OA.](JMNI-20-265-g001){#F1}

Transfection efficiency of miR-204 in chondrocytes of OA patients {#sec2-13}
-----------------------------------------------------------------

As shown in \[[Figure 2A](#F2){ref-type="fig"}\], toluidine blue staining showed that chondrocytes had positive staining. Chondrocytes of OA patients were transfected with miR-204 mimics, miR-204 inhibitor, mimics-NC, and inhibitor-NC, and the transfection efficiency of miR-204 was detected after 24 hours. As shown in \[[Figure 2B](#F2){ref-type="fig"}\], miR-204 showed significantly higher expression in cells transfected with miR-204 mimics than those transfected with mimics-NC. As shown in \[[Figure 2C](#F2){ref-type="fig"}\], miR-204 showed significantly lower expression in cells transfected with miR-204 inhibitor than those transfected with inhibitor -NC.

![Transfection efficiency of miR-204 in chondrocytes of OA patients. (A) chondrocyte morphology under toluidine blue staining; (B) Expression of miR-204 in chondrocytes with over-expression of miR-204; (C) Expression of miR-204 in chondrocytes with knockdown of miR-204.](JMNI-20-265-g002){#F2}

Effect of over-expression of miR-204 on chondrocytes {#sec2-14}
----------------------------------------------------

Chondrocytes of OA patients were transfected with miR-204 mimics and mimics-NC. MTT assay, clone formation test, trypan blue staining, and TUNEL staining were carried out. MTT assay showed that after transfected with miR-204 mimics, chondrocyte viability in OA patients was significantly reduced ([Figure 3A](#F3){ref-type="fig"}). Clone formation assay demonstrated that the number of clone formation of chondrocytes transfected with miR-204 mimics was significantly lower than that transfected with mimics-NC, i.e. miR-204 inhibited the proliferation of chondrocytes ([Figure 3B](#F3){ref-type="fig"}). As shown in \[[Figure 3C](#F3){ref-type="fig"}\], trypan blue staining revealed that over-expression of miR-204 significantly reduced the survival rate of chondrocytes in patients with OA. Additionally, TUNEL staining results suggested that over-expression of miR-204 promoted chondrocyte apoptosis in patients with OA ([Figure 3D](#F3){ref-type="fig"}).

![Effect of over-expression of miR-204 on biological function of chondrocytes in patients with OA. (A) Detection of cell viability using MTT assay; (B) Detection of cell proliferation using clone formation assay; (C) Detection of cell survival using trypan blue staining; (D) Detection of cell apoptosis using TUNEL staining.](JMNI-20-265-g003){#F3}

Effect of knockdown of miR-204 on chondrocytes {#sec2-15}
----------------------------------------------

Chondrocytes of OA patients were transfected with miR-204 inhibitor and inhibitor --NC. MTT assay, clone formation test, trypan blue staining, and TUNEL staining were carried out. MTT assay, clone formation test, and trypan blue staining showed that knockdown of miR-204 significantly increased viability, proliferation, and survival rate of chondrocytes in patients with OA (Figures [4A](#F4){ref-type="fig"} to [4C](#F4){ref-type="fig"}). Besides, TUNEL staining showed that knockdown of miR-204 significantly inhibited chondrocyte apoptosis in patients with OA ([Figure 4D](#F4){ref-type="fig"}).

![Effect of knockdown of miR-204 on biological function of chondrocytes in patients with OA. (A) Detection of cell viability using MTT assay; (B) Detection of cell proliferation using clone formation test; (C) Detection of cell survival using trypan blue staining; (D) Detection of cell apoptosis using TUNEL staining.](JMNI-20-265-g004){#F4}

Discussion {#sec1-4}
==========

Modern medicine believes that the damage of articular cartilage is the main pathological change of OA, so its repair plays an essential role in the treatment of OA. Therefore, this study aimed to explore the expression of miR-204 in cartilage tissue of patients with OA, and to investigate the effects of miR-204 on chondrocyte viability, proliferation, survival rate, and apoptosis, to provide references for subsequent treatment of OA.

It has been reported that miR-363, miR-185, miR-217, miR-26b, miR-204 are involved in OA, fracture, and other bone-related diseases, but their correlation with the occurrence and development of OA has not been studied\[[@ref21]-[@ref25]\]. Therefore, we explored the expressions of miR-363, miR-185, miR-217, miR-26b, miR-204 in cartilage tissue of OA patients, and their effects on chondrocytes. PCR results showed that there was no difference in the expression of miR-363 in cartilage tissue of the OA patients and the controls. The expressions of miR-185 and miR-204 in cartilage tissue of OA patients were significantly higher than those of controls, whereas the expressions of miR-217 and miR-26b in cartilage tissue of OA patients were significantly lower than those of the controls. Among them, the differential expression of miR-204 in cartilage tissue of controls and OA patients was the most significant, suggesting that miR-204 might play an essential role in the occurrence and development of OA. Therefore, miR-204 was selected for subsequent research. Moreover, we speculated that miR-204 might become an important gene for predicting, diagnosing, and treating OA.

Previous studies have shown that pathophysiological processes of OA, such as cartilage formation and differentiation, cartilage matrix degradation, and chondrocyte proliferation, apoptosis, and autophagy, play important roles in the occurrence and development of OA. Huang Z et al. revealed that miR-337-3p promoted proliferation of chondrocytes by regulating PTEN/AKT pathway, thus inhibiting OA\[[@ref26]\]. Consistent with this, our study showed that knockdown of miR-204 significantly improved the viability, proliferation, and survival rate of chondrocytes in patients with OA. Therefore, we believe that knockdown of miR-204 may play a protective role in chondrocytes of OA by improving their viability, proliferation, and survival rate. Apoptosis is a cell death pattern mediated by programmed expression of specific genes, which is involved in various diseases. Chondrocyte apoptosis has been reported to be one of the important factors causing cartilage degradation in OA. Yang Y et al. stated that loganin inhibited IL-1β-induced chondrocyte lysis and apoptosis by regulating PI3K/Akt pathway, thereby reducing chondrocyte damage\[[@ref3]\]. Liu Q et al. found that chondroitin sulfate in sturgeon bone protected chondrocytes via inhibiting apoptosis in OA\[[@ref27]\]. Our study showed that over-expression of miR-204 could promote chondrocyte apoptosis in patients with OA, while knockdown of miR-204 could reduce the proportion of apoptotic cells. Therefore, we believed that knockdown of miR-204 might protect chondrocytes from apoptosis in patients with OA, but the specific mechanism needs to be further explored.

To sum up, miR-204 expression increased significantly in patients with OA. Moreover, it can reduce the viability, proliferation, and survival rate, as well as promote the apoptosis of chondrocytes, thus exerting the damaging effect on chondrocytes of OA. Therefore, the knockdown of miR-204 may be a new method for the treatment of OA. The effects of miR-204 on OA with animal models as well as the exploration of its mechanism should be further investigated in order to provide a theoretical basis for the development of novel and effective treatments for OA.

Authors' contributions {#sec2-16}
----------------------

*XL, FG, and JY conceived and designed the study. XL, FG, WW, and JY were responsible for the collection, analysis, and interpretation of the data. XL drafted the manuscript. XL and JY revised the manuscript critically for important intellectual content. All authors read and approved the final manuscript*.

Ethics approval and consent to participate {#sec2-17}
------------------------------------------

*The study was approved by the Ethics Committee of The 2nd Affiliated Hospital of Harbin Medical University. Signed written informed consents were obtained from the patients and/or guardians*.

The authors have no conflict of interest.

Edited by: G. Lyritis
